Pco2 are discussed. The most important practical conclusion is that the volume of gas in the bag should not be more than twice the tidal volume; but the exact ratio is not critical.
In this country 90% of children aged between 5 and 15 live in households that have a television set, and in the winter these children spend an average of two and three-quarter hours watching their sets (Abrams, 1961) . The television picture is produced by intermittent illumination. Since intermittent photic stimulation is a well-known provocative method for producing epileptic discharges, it is surprising that only a few reports of television-induced convulsions have appeared (Ismay, 1958; Klapetek, 1959; Lagergren and Hansson, 1960; Richter, 1960; Gastaut, Regis, Bostem, and Beaussart, 1960; Pallis and Louis, 1961; Mawdsley, 1961; Fischer-Williams, 1961; Madden, 1961; Garvie, 1961; Lange, 1961) . With one exception, each of these authors described only a few cases. However, it is clear from talking to colleagues that such cases are not very rare nowadays, and in this hospital in the past two years we have seen 14 children with the condition. In the same period 243 children in the age range when exposure to television occurs (4-15 years) have been referred to our E.E.G. department with a diagnosis of epilepsy. This gives an incidence of television-induced epilepsy among epileptic children of 5.7%.
We have investigated these children by electroencephalography (E.E.G.), using the special techniques of intermittent photic stimulation (l.P.S.) described below. The questions we have tried to answer are: (1) Is there any common factor in the E.E.G. of these patients which distinguishes them from epileptic children whose convulsions are not associated with television viewing ? (2) Are there any differences in the E.E.G.s within the group ? (3) If so, are these differences related to any clinical differences ?
Material
The age range of the 14-children (six boys and eight girls) was 8 to 14 years. There was no suggestion of *Kansas University Exchange Scholar, 1960-1. D brain damage in the history of birth or neonatal period or of subsequent development, and physical examination was normal in every case. In only one child was there a family history of convulsions. Intelligence assessments were not carried out, but all children were attending an ordinary school and seemed of average intelligence, except one who was attending a school for the educationally subnormal. In nine cases the convulsions had occurred only while watching television. Six of these children had had only one convulsion each. By contrast, one child had had eight, all since the family had installed a set, and all while watching it. He still insists on watching it, sitting about 2 ft. (60 cm.) away. It is he who is educationally subnormal. The remaining five have had some convulsions under other circumstances. We considered television-viewing to be more than coincidental in these five because they showed very marked sensitivity to I.P.S. Moreover, three of them showed clinical evidence of sensitivity to flickering light; two had had their only major fits during television-viewing, while at other times their fits had been minor; and the third had on several occasions felt giddy and developed a headache when he walked beside railings on a sunny day or looked at a fluorescent lamp.
The type of convulsion occurring during televisionviewing was grand mal in 13 cases and petit mal in one.
We have inquired into the circumstances surrounding the convulsions, with particular reference to the distance of the child from the screen, whether the picture was normal or abnormal-that is, whether it was clear or blurred, steady or flickering-and, if abnormal, whether the child was adjusting the set at the time. Seven patients were near the screen (within 2 feet; 60 cm.); of these, four were adjusting the set because the picture was abnormal, and three preferred to sit near the screen rather than at the usual distance.
Patient 7.-A girl aged 14 with an unremarkable previous history had watched television for three and a half years CONVULSIONS AND TELEVISION VIEWING MEDICAL JOURNAL before she had her first convulsion. The picture "went wrong" and she went up to the set to adjust it. She then fell down unconscious and the mouth and all four limbs twitched for about five minutes. Vomiting followed and finally sbe went to sleep. One month later she had a similar attack while sitting very near to the set, but on this occasion the picture was clear. After this second convulsion her parents sold the set. However, a year later they bought another and she has been watching television for the past five months with no untoward effects. She has been instructed to sit well away from the screen and look away if the picture becomes faulty. No drug treatment is being given. On questioning, she admitted to " feeling funny " when passing railings through which the morning sun was shining. Her mother has migraine. For E.E.G., details see Figs. 3 and 4 and Table 1 .
Five patients were sitting at the usual distance (5 feet (1.5 metres) or more) from the screen and in only one of these cases was the picture abnormal.
Patient 8.-A girl aged 12 with no important previous history had her only convulsion while sitting between 6 and 2 ft. (1.8 and 2.4 metres) from the set. The screen was not unusually bright or large, nor was it flickering. The programme was not exciting. There was another light in the room. She was feeling quite well. Suddenly she fell to the floor. Her legs jerked and she frothed at the mouth and bit her tongue. Consciousness was regained after 5 to 10 minutes. Since then (18 months ago) she has been taking phenobarbitone and has had no further fits. She still watches television regularly. On One child's only fit occurred while away from home; details are not known. We also asked about the type of programme which was being shown, the size of the screen, and what other sources of illumination were present in the room, but none of these factors appeared to be relevant. No child had a compulsive tendency to produce fits by waving his hand in front of his eyes (Hutchison, Stone and Davidson, 1958 for this reason we also omitted stimulation at certain frequencies when epileptic discharges were occurring regularly as we went up the scale. Again, at certain frequencies we omitted testing with eyes closed because grossly abnormal discharges had occurred at the same frequencies with eyes open. The provocative effect of eye-closure is well known.
Next we reduced the intensity of light by covering the lamp with three, two, and then one sheet of white E.E.G. recording-paper (giving respectively an intensity of 11%, 15%, and 35% of the undimmed light). At each of these light intensities I.P.S. was carried out at the frequency at which the maximal abnormality had been obtained with the undimmed lamp.
Next we tried the effect of colour. We used in turn three Wratten Kodak filters of known absorption curves, blue, green, and red. These also were used at the frequency at which the maximal abnormality had been obtained with undimmed white light. Exposure to each colour was given, as with unmodified white light, for five seconds with eyes open and then five seconds with eyes closed. Results
With one exception all patients showed epileptic discharges during photic stimulation. The exceptional patient is excluded from the subsequent discussion. The discharges were subcortical, " centrencephalic " in type, consisting of rather disorganized bursts of high amplitude wave-and-spike activity or multiple-spike activity ( Fig. 1) . No focal discharges were seen.
Critical Frequencies.-Abnormalities occurred much more readily when the eyes were closed than when they were open (Fig. 2) Intensity of Light.-Twelve patients were tested for sensitivity to low-intensity I.P.S. using three, two, and then one sheet of paper over the lamp. In six, epileptic discharges occurred even with three sheets of paper (allowing only 11% of the light emitted by the undimmed lamp to pass), and in the other six no discharges occurred even with only one sheet. There were therefore two clear-cut groups as regards sensitivity to low-intensity light.
Colour.-All 13 children who reacted to white light were tested with each of three colour filters-red. green, and blue-at the flash frequency which produced the maximal response with undimmed white light. The amount of light passed by each of the filters is much less than the undimmed lamp supplies (red 7%, blue 7%, green 12% of the undimmed lamp), and is approximately the same as that produced by three sheets of paper. With eyes open, in three cases discharges occurred with aUl three filters and in two with red and green only. There is a suggestion that in these five the abnormalities were worse with the red filter. In the other eight there were no discharges with any colour. The situation was different with eyes closed, for under these circumstances red was much more productive of epileptic discharges than blue or green. In all 13 cases discharges occurred only with red. This finding, apparently indicating a much greater epileptogenic property of red, is more reasonably explained in another way. The eyelids themselves form a red filter and therefore will pass most of the red light but will exclude most of the blue or green light. This is easily verified by viewing these filters oneself through closed eyelids; the red flashes are easily seen, but the blue and green ones are'hardly visible. whereas the picture was normal in the very sensitive group (five out of six). Moreover, most children in the less sensitive group were near the screen (five out of six), usually in an attempt to correct the faulty picture, whereas patients in the very sensitive group tended to be at a normal distance (four out of six). We interpret these findings as follows: patients who are very sensitive to I.P.S., using the above tests, are liable to convulse while viewing television under normal circumstances, while patients who are less sensitive are less liable to convulse under normal circumstances, and have a fit only when they are sitting very near to the screen or standing near in order to adjust a faulty picture.
D'cussoi
Significance of E.E.G. Abnormalities Although I.P.S. at carefully selected frequencies can produce E.E.G. discharges in some normal individuals (Walter and Walter, 1949; Mundy-Castle, 1953; Kiloh and Osselton, 1961) , these are often occipitally predominant and the frequency bands which produce them are narrow. Gastaut, Trevisan, and Naquet (1958) report that widespread symmetrical wave-and-spike activity, such as our patients showed (the " photoconvulsive response " of Bickford, Sem-Jacobsen, White, and Daly, 1952), is almost confined to patients with primary subcortical epilepsy. In our E.E.G. department, where photic stimulation from 2 to 30 flashes per second is a routine part of the recording, such discharges are rare and are confined to children with a history of fits. The presence of E.E.G. abnormalities over a wide range of flash frequencies in 13 of the 14 children investigated in this study is therefore strong confirmation of epilepsy. It is also strongly suggestive of lightsensitive epilepsy, for such abnormalities have occurred in only 4% of the routine recordings carried out in our department on epileptic children with no history of photic sensitivity. Presumably these 4% also run the risk of having convulsions while watching television. The ease with which the stroboscope produced epileptic discharges and myoclonic jerks may make one wonder why these light-sensitive epileptics did not have watching television. The reasons are probably: (1) the intensity of light is much greater with the stroboscope than with television viewing; and (2) the contrast between " on " and " off " is much greater with the stroboscope than with the television screen, which has an after-glow. Gastaut et al. (1960) (Fig. 3) open at the slow frequencies of this phenomenon (less SEmr. 8, 1962 CONVULSIONS AND TELEVISION VIEWING BOuRnAL 637 than 10 per second). However, stroboscopic stimulation differs in several ways from the behaviour of the television screen. Moving towards the set to adjust it must greatly enhance the effect of slow flicker. In the literature most patients who have had fits while watching television have been adjusting a faulty set (ismay, 1958; Pallis and Louis, 1961; Mawdsley, 1961; Lange, 1961; Fischer-Williams, 1961 ; Madden, 1961) . Little attention has been paid to patients who convulse when sitting at a normal distance from a normally functioning set, and we have found no comparison of the E.E.G. findings in the two groups. Without E.E.G. studies one could dismiss the occurrence of a fit in a patient in the latter group as a coincidence, but the gross E.E.G. abnormalities in this group make it almost certain that the flicker effect of television was responsible for the fits in our patients.
It is interesting that television-induced convulsions appear to be unknown in the U.S.A., in spite of the widespread use of television. Perhaps this is due to the increased flicker frequency of the picture (60 per second compared with 50 in Britain) and the greater number of individual lines making up the picture (525 compared with 405 in Britain). Some observers have quoted a figure for the flicker threshold of the American system which is five times greater than that of the British system (L. W. Germany, 1962, personal communication).
Eft of Eye-closure It is well known (Walter and Walter, 1949; Bickford et al., 1952 ) that eye-closure enhances the effect of I.P.S., and all our patients showed more frequent and more severe discharges with eyes closed than with eyes open. Although other explanations have been advanced (Bickford et al., 1952; Brazier, 1953) , the most convincing is that which relates the greater susceptibility with eyes closed to loss of visual attention. The interposition of a diffusing screen between the source of I.P.S. and the open eyes produced E.E.G. discharges at frequencies which had hitherto evoked them only with eyes closed (Davidson and Watson, 1956) . We have confirmed this observation in a slightly different way by holding the lamp above the sitting patient's head and directing it forward at a white matt projection screen situated 10 in. (25 cm.) in front of the patient's face. We then selected a frequency which on previous stimulation by a lamp in the normal position in front of his face had produced discharges with eyes closed but not with eyes open. On the second occasion, when staring at the intermittently illuminated screen, four out of five patients tested showed discharges at this frequency with eyes open. If one stares at the intermittently illuminated screen it soon becomes impossible to fixate and one quickly loses spatial orientiation. The sensation is similar to that experienced when one is receiving I.P.S. with eyes closed. We think it likely that the provocative effect of eye-closure is in some way concerned with loss of visual attention, but the subject is evidently complicated.
Effect of Colour
We used colour filters in the hope that we might find a pointer to therapy by means of tinted spectacles which would eliminate the most epileptogenic part of the spectrum. In the event there was little difference between the effects of the three colours used. There was a suggestion that red was the most epileptogenic and blue the least, but this difference was not great enough to warrant a trial of tinted spectacles, particularly since these have been relatively unsuccessful in light-sensuitive epileptics (Bickford, Daly, and Keith. 1953) . In the literature an occasional patient is reported to be more sensitive to red than to other colours (Carterette and Symmes, 1952; Marshall, Walker, and Livingston, 1953) , but other patients show no evidence of such a tendency (Bickford et al., 1953; Rao and Prichard, 1955) . Recommendations and Treatment Although in most cases the parents were advised to limit the amount of television-viewing the child was allowed, in only one case did the parents make any serious attempt to do so. Eleven patients were treated with phenobarbitone and in 10 this has been completely effective in preventing further fits over the period of follow-up (3-31 months, average 13 months). The compulsive effect of television makes drug administration the only practicable treatment in most cases. Children readily take tablets two or three times a day but are most unwilling to reduce their viewing time. Advice should be given, however, to look away, keeping their eyes open, if the picture becomes faulty and at all times to sit at least 5 ft. (1.5 metres) from the screen. It is surprising that no fits have occurred with a faulty picture in the very sensitive group. Unfortunately we did not ask how often the picture became faulty. Possibly the patients were not watching when this happened, possibly it happened rarely or never, or possibly this group is less sensitive to slow flicker. Whatever the explanation, we felt that parents of these patients should nevertheless be given the same warnings as were those in the less sensitive group.
Summary
Thirteen out of 14 children who had had convulsions while watching television showed generalized wave-andspike or polyspike discharges with intermittent photic stimulation (l.P.S.).
I.P.S. was applied with high-intensity illumination over a frequency range of 2-50 flashes per second and. at the frequency of maximal response, with low-intensity illumination and with red, green, and blue filters.
From the results of the tests the cases could be divided into very sensitive and less sensitive groups.
The very sensitive group consisted mainly of children whose fits occurred when sitting at a normal distance from a normally functioning television set, whereas the less sensitive group consisted mainly of children who were sitting very near to the screen or who were standing near to it attempting to correct a faulty picture. There is general agreement that the most reliable way of diagnosing steatorrhoea is by direct estimation of the faecal fat, but the methods used are time-consuming and often difficult to arrange in routine hospital practice.
RADIO-OLEIC-ACID
The most important causes of steatorrhoea in this country are idiopathic steatorrhoea, coeliac disease, and failure of the pancreas. In the advanced case these can be differentiated readily, but in the early stages diagnosis is often difficult.
In recent years, following the lead of Maim, Reemtsma, and Barker (1956), a number of workers have administered radioactive fats and fatty acids to patients with steatorrhoea in the hope that a test could be devised which would distinguish between the various causes of steatorrhoea, the rationale being that in idiopathic steatorrhoea neither the fatty acid nor the fat would be absorbed adequately owing to the generalized intestinal mucosal defect, whereas in steatorrhoea due to failure ef the pancreas fatty acid would be absorbed normally but the absorption of neutral fat would be reduced.
We have administered a labelled fat (radiotriolein) and a labelled fatty acid (radio-oleic acid) to normal subje is and to patients with steatorrhoea in an attempt to develop a reliable screening procedure, capable of being performed on out-patients, which would not only detect the presence of steatorrhoea but would be of value in differential diagnosis.
Selection of Patients
The following groups were chosen for study. Normal Subjects.-These were 12 people attending the department of physical medicine for minor disabilities after accidents. None had a history of any gastroenterological complaint.
Patients with Pancreatic Steatorrhoea.-Four patients were investigated. All had a marked steatorrhoea which ranged from 25 to 100 g. of fat excreted in the faeces per day. The jejunal mucosa in each case was histologically normal, and the pancreatic aetiology was confirmed by (1) the absence of pancreatic enzymes in the aspirated duodenal fluid, (2) the presence of pancreatic calcification as shown by a plain x-ray film of the abdomen, and (3) a diabetic glucose-tolerance test.
*Now at the Queen Elizabeth Hospital, Birmingham.
Patients with Idiopathic Steatorrhoea.-These were seven patients who had a typical history, an abnormal jejunal mucosa, and had responded to treatment with a gluten-free diet.
Methods
The methods we have used for administering the radiotriolein and the radio-oleic acid are given in detail because reports of the reliability of these two tests have varied in the literature. Relatively small changes in method have produced marked changes in the results .obtained, both in normal subjects and in patients with steatorrhoea.
Earlier workers using radiotriolein and oleic acid have placed greater reliance on the estimation of the radioactivity in the blood than on the estimation of the radioactivity in the faeces (Baylin, Sanders, Isley, Shingleton, Hymans, Johnston, and Ruffin, 1955; Malm et al., 1956; Beres, Wenger, and Kirsner, 1957) .
On theoretical grounds the estimation of the level of radioactivity in the blood as an index of absorption is a poor substitute for actual estimation of faecal radioactivity. The level in the blood is influenced by the rate of gastric emptying, the speed of passage through the small bowel, the absorptive capacity of the small bowel, the rate of clearance of the lipid from the blood, the rate of metabolism of the lipid, and the consequent distribution of iodine throughout the extracellular fluid and its subsequent excretion by the kidney. Moreover, Grossman and Jordan (1958) have shown that low levels of radioactivity in the blood do not always exclude the presence of steatorrhoea as assessed by chemical analysis of the faeces.
It has been stated that the radioactivity excreted in the urine during the first 24 hours after oral administration of the radiotriolein is a reliable method for the diagnosis of steatorrhoea (Walker, Stewart, Morgan, and McKie, 1960) . While the effect of different rates of fat absorption and metabolism would tend to be. minimized by counting the radioactivity in 24-hour specimens of urine instead of in the blood, it is hard to conceive that any method based on the measurement of urinary radioactivity could be as accurate in the diagnosis of steatorrhoea as the actual nwasurement of the radioactivity in the faeces.
